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(57) Einc Anordnung zum Tcstcn der katalytischcn Aktivrtat Ar_^ 
von einem Reak+iori.^gps eusgesetzten Feststoffen umfafSt 
eine Aufnahmeeinheif (1), die mehrere Ausnehnnungen 
(7) zur Aufnahme jeweils eines Feststoffes jnd eine ge- 
nieinsame Gdszufufu und den etnzeinen Aufnehrriungen 
zugeordnete Kanaiti (8) aufweist, so daB alle Feststoffe 
glelchzeitig dem Reaktiosgas ausgesetzt und d\4 bei der 
Reaktion entstehenden Produkte ubfir die Kanaje getrennt 
abgefuhrt und einer Anatyseeinheit zugefiihrt werden '\y 
konnen. Die Ausnehmunge.i zur Aufnahme der Feststoffe 
sind in Form einer Matrix angeordnet. Die Testanordnung 
umfaBt daruber hinaus eine Beschicknngsetnheit, mit der 
sich die nach kombinatorischen Methoden raumlich ge- 
trennt hergestellten Katalysatcren einfach in die Ausneh- 
mungcn dor Aufnah mccinhcit ubcrfuhron lasson. 
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HesciircibLng 

Die i;rlin*.lung bcsritti cine Anor.ln jni: /Liiii Tcsicn .i-r ku- 

I cstsiollcn nii: cincr I''.n!icii /.ur ALfnL:hii.c dcr 1 cstsuMtc 
Linvt cincr InnlxMi /.ur Analvsc Jcr bci c.cr Rcaknon cnlstc- 
licndcn Piwiukie. 

/ur lIcrs'clLini; und ( 'liu'-jkienMcr ini: von KaLilvsaiorcn 
•Acrden die jxycniicl! akiiven 'iVagcr- i nd Kaialx saiorkoni- 
I>»ncnUTi in vcnncin;lKn gtviLinctcr Wcisc kombmicri anr: 
dij s.> iicschatVcncn Mchrkoir.poncnicngL-Miiist ho mil oincr 
L'ccii^ncicn Tosircakiion amcr bcsniiiriilcn. riioisi tiurcli iccli- 
niscliL' Liiuiticruniicn tcslgcsci/ien Rcdingunccn iZiiloslLM. 
Wahrcnd die Syniiicso soldier Malerialicn oti noeh mil /.eii- 
Iwh Lihersohauiarcni Aiitwand bevvalii^i werden k.inn. s;ell; 
die l-jprobuHL: der KataK saioren hingegen einen sehr /en- 
Lind arbciisauIwendiL;en Sebiti dar. Iiii alltieiueincn uird 
( tus /.u lusicnd.e Mjierial in eincn eiizens hicrtur kon/.ipicncn 
Laboricsireakior eingefiiUi und unier vorgegebencn Parunie- 
leni auf seine Taugliehkeit lur die jewcilige Umsei/ung ei- 
nes iiduk'gemisehes iieiesiet. 

Dio 1-P ()423 204 Ul besehreibi einc Timriehtuni: /ur Un- 
tcrsuchung und Bewerlung von Wirbelsehieht-( 'rack-Kaia- 
1\ saioren, die iiber eincn ein/.igen rohrtomi.gca Reaktor 
verlugi. Die bckanni'- liinneliiu'ig dieni /.uni DurelUuhreri 
ciner Soiic von K^rilautenden /yklischcn n\perinien:en iin- 
ler Van le rung c x peri niente Her Hcdingungen. 

Daruber hir-aus isi ilie gleich/.ei'ige Austcsk-ng von Kaia- 
A saioren in nichreren separaien Reakioren bekannl. die von 
ciner genieinsantcn Ciasaufbcreitung /crsorgi wcrden. Audi 
bei der Austcslung von Kaialvsatoren in Parallelreakloren 
?st das Resehickcn der Kataivsa'.oren mil den /.u tesienden 
Malerialieti eiiie /eii- uikI arbeilsaiifwenoige MaBiiahiiie, 
Nav.h[cilig ist audi, da)? die An/.ahl der zur Verfugung ste- 
hendcn Reakloren, <iie sieh parallel hetreiben k*ssen. in der 
Pi axis bcgr"n/.t isi. 

Pine cnischeidcnde Neuerung der lel/.len Jalire in der bio- 
organischon Svnthcse \.'ar die Hnlwieklung kcinibinaloriseh 
svnihcuseher Verlahrcn (l urka. A,, Sebastien. t:. Asgcdoni, 
M, D'bo, G„ AbsT. 14lh Inl.Congr. Hioclieni., Prag 198S. 
Vol. .S.47). Meist wird bei soldien Syniheseii nur niit sehr 
kleinen Subsian/.niengen gearbeiici und ot't werden poly- 
iiicre Tracer zur Pixieriing einer der Re^iktandcn und der 
enistehcndcn Produkle vcr^-endet. Soiiiii sidli dij koiiibina- 
torisehc Synthesc heutc eines der Slandardwerk/.eage in der 
bioorganischen C'heiiiie dar. Das elfi/ientc Testen einer Sub- 
stanzbibhothck. die dureh solehe syntheiische Verlahrcn 
hergesicUt wurde, ist der/eil mi sogenannlen "high 
throughput screening" bei detu 'lesten potenticUcr Phaniia- 
/.eutika am weitesien vorangclriebcn worden. Der/eitige 
Icsiniethtxlen basieren auf der /lulosieriing des jeweiligen 
Slopes aus der Substan/.dalcrbank zu einein lin/,yiii oder 
/.ellkulturcn. die die Anwescnheit einer Wechsdw-irkjng 
/wischcn deiii StotT und einer bcstimmtcn iktiven Siellc im 
Itn/.vin (xler mi Zellsiortueehse! durch cine Lumines/cnz 
ar/.cii:cn. Die Substan/en aus den Biblioilieken wertlcn in 
sogcTannlen "Arrays", untcr denen Plat ten mil Vcnicfun- 
gen, die als ReaklionsgetaBe diencn. /u verstehen smd. mil 
dLtu lev.ciligen Testsysleni in Kontaki gthraeht. danarh er- 
tolg! on noch eine geeigncie Weiierbehandlung der Probe 
(Bestrahlung. Tnkubation. etc.). an die sich der abschlic- 
Bendc lieucnungsicsi ans(.-hlie(.^l 

Die crsten Ansaize einer Uhenragung kombinalonscher 
Svnihese- und Tesi verfahren auf anorganische l estkorpcr 
warden 1995 von Sdiutt/ ct al. NerolTeniUcht (Xiang, X. - 
D.. Sun. X., Hneeno. G.. 7.ou. Wang. K.-A., (liang, H.. 
Wallaee-I-reed:nan. W,-C5., Cdi-n. S.-W.. Schult/. R (3., .Sci- 
ence 2()S. 1995. 173S und liriceno. C, ('bang, II . Sun. X.. 



Sch.ilt/. P C"i., Xiang. X,-D.. Science 2^1 1. -~ ^ vnue 

Sun. X.-D.. Wjng. K. -A.. \'oo. Wjliace-rreediiian. W. 
C i.;ao. C. Xiang. X. -D.. Scbuli/. P C'l,. Ad\. M.iier. 9. \.v 
1 1, 199^. )(Ufi und Wei. T . W allaCL-PreednKin. W ( ■.. 

^ Schali/. RC;., Xiang, X.-D., Appl Pins. Pen. oS, 199',. 
350o). Ilicrnei wird zur Hcrsielhmg der Verbindrng ein Bc- 
schichiungs\ertaliren vePAondei, das durch Maskeniechni- 
ken die Mersicilung verschiedener Konibin^iionen ulI ei- 
neiii Subsirai erlaubi. 

h' Der cnischeidcnde N.chiei; der von Sehjl:/ e; al. bc- 
schnebencn Meihode bjs;ehi /urn ersien dann. djl.^ ourL.-h 
die Bes-'hichtungsverfahren plt c n sehr kkiner lei' der 
chemisch moglichcn Kotiibinaiion bc-gcs:c!!: wird. die niii 
hcrkoiiimlichen be: der Kalaly saiorpraparaiion liblichcn 

i> na)x hcniischen Vertahren erhahen Vvcrden konncn. S-.Muil 
vMrd die liibiiolhek der inogi'.chcn kaialyusch akiiven Kan- 
didaien crhcblich verklemeri. Pdn Vctahren /.uiv Ausicstcn 
der katalytischcn Aktiviiat der Vlaierialicn is; n.cht be- 
schrieben. 

20 Al fdeii; GebitM d.es gle;ch/eiiigen Austcsien von Katah - 
saioren wurde cine Arbeil von Puss ei. at. vcn.MVenilichi 
(Vloates, I .e., Soiiiani. M.. Annaiiialai, .1.. Richardson i T. 
Lu^s, D., Wiilson. R. C. Ind, Png. C.Mieni. Res, 1999, 
4S(J 1 ), bei der KaialysalorpcUcts dur-ch Inlnirot-Therniogra- 
25 phie gcicsiel wurd,-n. Diese Mcliode isi Jedoch aurReakiio- 
nen mil groLx r Waniieionung limiiiert. Selekiiviiais'inicr- 
schiede werden nieht ert'al'ii. 

Der Prf:miung liegl die Aulgahe zugrundc. erne .Anord- 
nun-,: /.u schatTen, init der sich die kaialytische .A^lix iia; von 
.11) ci^eni Reaktionsgas ausgesetzien 1-esisiotYen ohnc grolieren 
/oil- und Arbci'isaui'v,'and etUkliv testen laBt. 

P'ie Losung dieser Aufgabe erfolgt ertindungsgeniaB mil 
den Merkinal.'ii <le.> Paiemanspruchs 1. 

I^ic eriindungsgeniaRe Anordnung crlaubi die sitnullane 
aber auch seouenlielle Iirprobung einer groBen .\n/ahl von 
P'es;korperkatalysaioren, die cineiii Reaktionsgas ausgesetzi 
sind. uobci die Bedingungen wie Druck, 'reiiiperalur etc. 
Irei variieri ucrden kcnnc" . 

Die .'\nordnung umlaL^i einc Aulnahmeeinheit. die meh- 
4<) rere Ausnehmungcn /ur Aul'nahnie jeweiks eines Pesisiottcs 
aut weist, dcssen katalytischc .^kii vital geteslei werden so!!. 
T"'ber cine gcmeinsame Ctas/.L'fuhr wenien alie PesisiolTe m 
der Autnahmceinheii der:! Reaktionsgas gleichzcitig ausgc- 
sc;/.l. Der GassiroiM wird in den cin/.elnen Ausnehmungcn 
4S /ugcordncicn Kancilcn abgcluhrt, so da',^ die liber jeden Ka- 
laivsiior entstehenden Pnxlukle separat fiir Jeden ]--slsiolt 
in der .Analvsecinhcii analysicri werden konner. Die Ana- 
Ivsc kann b.Mspielsweise durch die bekannten spektroskopi- 
schen. sp>ektroniet.rischen odor chron>aiographischcn Ver- 
>■) talircn ertoh'-en. W.-iJirend der destphast- kann jeweils nur ei- 
ner der Kaniile zur .\naiysceinhcii iVeigj'-.chahet sem, w,;ih- 
rcnd dias ubcrdie anderen Kaniile abgeruhn j Cias nichi ana- 
Ivsiert wird. Die .\ufnahnieeinhcil eniioglichi aber auch die 
Analvse des aber mehrere Kanale abgeruhnen Cjasstronis. 
^.s Ps konncn auch beiiebig vicle Kariile gesch lessen werden. 
so dais sic nichi voiii Rcakiionvgas dLirchs'.roiiii wcrden. 

In einer bevorzugien .\us:'uhrungstonii der Aulnahmc- 
cinheii s'nd die .'\usnehmllng^:n in I-onii einer Matrix ange- 
ordne:. Die Anordnung in l onu einer Matnx errioglicnt 
60 nich' n!'.- die lirprobung einer iroBen An/ah i von Kaialvsa- 
toren -jJl engeni Raun., st^ndern erlcichier auch das Idn- 
hnp,,er. -.ier zu tesienden l-eststolVc in die .Ausnehmungcn 
luiuels cincr Bescbickungseinhcii . in der die Kalaly salorcn 
svnt'Te-isict und dann in die .A js:^.ehmungcn der .Aulnahiiic- 
6-^ cinhcii Liber fiiliil v.crden. I{s i:>l abcr auch moglich, die Ka- 
lalvsaiorcn dirckt in der Autn.ahniecinheit /u synihetisieren. 

bi-: Kan-:dL zum Abluhrcr des Gasstroms bchnden sich 
V' tr/'jir^-.weise air B^xlen der .Ausnehmungcn. sodal.^ die Ka- 
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iLilysul'ircn \on dciu Keaktionsiias durchsiroiiii wortlcn. 

Die Bcschickiiniiscinhcit /.uiii iricich/.L'iliiien I'inhnngcn 
dcr SiotTc in die Aurnalimccinheit wcisi den cin/clncn Aus- 
neliniiin^cn /ui^eordriLMc Kjniilc aiif. in (icncn A\c K;ji;jl_vs;i- 
torcn nach kotiibinauirischen Mcthodcn riiuniiicli ticircnni 
licrgesiclli WLTdcn konnon. L'lii die Kaniile dcr lieschik- 
kuniisoiniicii /uiii Synthciisicren der I'esislotfe vcrsciilicL>cn 
/.Li konnen. isi vorieilhaticrweise em Seliieher vorgesehen, 
dcr saniiliche Kanaic vcrschiicBi b/w. I'rcigihi. 

Die Kanjie dcr licseiiickuriLiscinhcit sind en i spree he nd 
den AusnclTiuungen der ALil'nahniecinhcit uniieordnei. /uni 
I Jbcrfuhren dor Ix-slsiorie wird (tie Beschickunyscinheii an 
die Aulnahineeinhcii un^esct/t, vvobci die Kaniile dcr He- 
schickungscinhcit dann mir den Ausnchiiiururcn dcr Auf- 
nahniceinhcit Iluchlen.. 

Zuni Ausprcssen dcr 1-cststot'te- aus tlcn Ausnehmungcn 
Liiural.^i die crtindungsgeiiia^c Anordnung voncilhalicr- 
weisc ein ?rcf,^werk/cug, das den Kaniilcn dcr licschik- 
kungseinheil /.ugconinctc PrcBstcnipel aufwcist. - 

/ur Jiislierung vcrt'ugt die Autnahmccinheit Ubcr cinen 
Liiiilautendcn Ansat/, in den die lieschickungscinheii pas- 
send cingcsci/t werden kann. liei ahgcnoniiitencr licschik- 
kungscinhcil wirdauf ticn unilautcntlcn Ansat/ dcr AuTnah- 
iiiecinhcii cin Deckel gcset/.t, so daB cine geiiieinsaiiic Cias- 
/.urahrkuiunicr fur die AusrieiiiiiungcM in dcr Aurnahiiiccin- 
hcii gcsehalYen wird. Durch ^ine Hohrung im Deckel kann 
das Keaktionsgas dann dcr gcnicinsaincn ( jaszufuiirkaiuiiicr 
zugcruiirt wcrdcn. 

[n einer wcilcrcn bevor/.ugicn Aiisluhrungstbriii wcist die 
Aufnahiiieeinheit cine Hcizeinrichtung aul. uni die gc- 
wunschtc Rcakiionstempcralur cinstcjlen zu konnen. 

Die zu tostcnden Icstkorpcrkatalysatorcn siizen vorzugs- 
weisc aul" Platreiien aus porosseii Material, die iti den Aus- 
nchniungen der Aufnafinjccinhcit qucr zur Stroniungsrich- 
tung dcs Reaktionsgascs angcordnct sind. 

Im folgcnden wird ein AusriihrungsbcLspiel der crfin- 
dungsgcTuaBcn Anordnung zuni Icsrcn der katalyiischcn 
Akiivit;ii von cincm Rcaklionsgas ausgcsctztcn Ix'sistot'fen, 
unicr Bczugnahine auT die Zciehnungcn nailer eriautert. 

lis zcigcn: 

Fig. 1 die Aufnaliinei^inhcil dcr Atiordnu ng zuni Testcn 
dcr katalytischcn Aklivitiit von cineni Reaklionsgas ausgc- 
sct/len I'cststotTen in gcschnillener D.u-slcllung, 

Fig, 2 eincn Schn.It durch die Autnalirnecinhcii cntlang 
dcr Lime rr-ri v(in Fig. 1, -45 

¥\^, } die Aurnahrnecinheit von Fig. 1 in <icr Draiifjiicht. 

Kij*. 4 das CjasIluBscherna dcr Test anordnung. 

Fig. 5 die Beschickungseinhcit der Test anordnung i n gc- 
schniiicncr Darstcllung, 

Fig. 6 cincn Schndl durch die licscliicLungseinheit cnt- 50 
lang dcrl.inic VT-VT \'on Fij». 5, 

Fig. 7 den Schieber der Beschickungseinheii von Fig. 5 in 
tier DraufsichL. . 

Fig. 8 das PrcBwe'k/.eug dcr Testanordnung in geschnii- 
tener Darstcllung und 

Fig. 9 die /crklcinerungseinhcit der Testanordnung in gc- 
schniltcncr Darstcllung, 

Die Anordnung zurn 'lesten der katalytischcn Aktiviiiii 
von I-'es^stolTen unifallt cine AutnahincernhLnt 1 (Fig. 1 bis 
in der die Pcstkorpcrkatalvsaioren eincni Rcaktionsgas 
ausgcsetzt werden, cine Analyseeinheil 2 nlit cincr Vcntilan- 
ordnung 3 (Fig. 4), mit dcr die bci dcr Reaki^on entstchen- 
den Produktc anaiysicr4 wcrdcn und cme Bcschickungscin- 
heit 4 mil cincm Prcliwcrk/.cug 5. in dcr die Kaialysa{vircn 
nach konibinalorischen Mcthk.xien rauinlich gctronnt hcrgc- 
stcllt wcrdcn (Fif». 5 bis 8). ■■ ■ 

Fig. 1 zcigl cincn Schnill durch die Aurnahmeeinheit 1 
dcr Tesianordnung. Die Aurnaiimccinhcii 1 weist cincn zv- 
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lindnsehcn Korper 6 aus w arrncleiicndciii Malcrial, vor- 
/.ugsweisc Messing aiif. der an scinci" Oberseiic mil /v lindii- 
schen liohrungcn 7 vcrsehcn isi, die in l onu cincr n x rii 
M;jlri\ mil vicr '/eiicn iinii vicr S[i;jllcn ;jrgctirdnct sind 
(Fij;. 2i. Innc 4x4 Mairi.x isi nur beispiclhali angcgchen, es 
SI nil auch Anordnungen mil eincr wescnlhch grol.iercn An- 
/ahl von Ausnehniungen moglich. 

Am liodcn jeder Ausnchmung 7 isi cin KLanal S angc- 
schlosscn, der un tk'r Uniersc'te dcs Messing korpcrs 6 aus 
io der Aufnalmiccinhcit 1 hcraust'uhri. Die Kanaic 8 vcrlaut'en 
parallel zucinander in veriikaler Richuing, S;e hahcn einen 
klcincren Durchiucsscr als.die Ausnehniungen. Dies stcllt 
aJinliche P'lusse durch alle Ausnehniungen sicher tia die Ka- 
naic die jeweiligen I laupisiroTuungswulcrstandc darslelicn. 
IS Die cinzelncn Kanaic konnen auch gcziclt verengi werden, 
urn m alien Ausnehniungen e\akl die gleiehen Idiisse cinzu- 
stcllen. ITicrzu Konnen in dcr Autnahmccinheit cnisprc- 
chcndc Drosseieinriehiungen oder <1gl. vorgcschcn sein. 
An der Obcrseite des Mcssingkorpcrs 6 ist cin I 'lansch 9 
20 /Lir Bctcstigung cincs Deckels 10 aus vvanncleiiendeiii Ma- 
le rial, vor/.iigsweise Messing, angesctzi. I 'lansch 9 unci Dek- 
kcl 10 U'cisen mchrere uintangsmiiBig vcrieilt angeordneic 
Bohrungen 11 auf, so daB der Deckel fcst mit dem Mcssing- 
k(^rper verschraubr werden kann (Fig. 3) /ur Abdichtung 
dcs Deckels 10 gcgenuber dem I'lansch 9 isi cine Ringtlicli- 
tung 12 vorgcschcn, die in cincr Ringnui 13 des I-lansches 9 
sitzL 

Der Mcssingkorper 6 und dcr Deckel 10 wciscn Bohrun- 
gen 14 /ur Aufnahmc von Tlcizpaironen 15 eincr ITcizein- 
-30 nchtung auf, uni die Aurnahmeeinheit 1 aul' die Rcaktions- 
tcmpcratur aulheizen zu konnen. 

Die zu untersuchcndcn Katalysalorcn ^jiizen jewcils aur 
eiticiii Platichen 16 aus cincr puruseai hiiicrrniasse (T'ritte), 
das am Bodcn jcder Ausnchmung qucr zu vicren Liingsachse 
angeorcinel ist. 

Zurn gleichz.eitigen Testcn der Katalysaroren wird der 
Deckel 10 rnit dem I'lansch 9 des VIcssingkorpers 6 ver- 
schraubi und iibcr in dem Deckel vorgcsehcne Bohrungen 
17, 18 wird das Rcaktionsgas in die oberhalh der Ausneh- 
4<J niungen 7 bcfindliche ( Jaszuruhrkanimer 19 gcleitet. Das 
Rcaktionsgas durehstronit die auf den Knden 16 sitzenden 
Katalysatoren 20 und wird Liber die Kaniile 8 abgeruhrt. 

Fig. 4 zeigt das GasMuBschcnia dcr Testanordni]ng. Das 
Rcaktionsgas stronit aus einem Cjasbehalier 21 iabcr cine 
GaszutLihrieitung 22, in die eine Dosicreinrichiung 23 ge- 
schaltci ist, in die Ausnehrnungen 7 der von der renipcrier- 
cinheit 24 aul die Reaktionstempcratur aufgeheizien Aul- 
rahmecinhcii 1. so daB die Katalysatoren von dem Rcakti- 
cinsgas durehstronit werden. 

Die bci der Reakiion enlstchenden Pr>.xiuktc werden fur 
jcden Katalysator ii">erdie scparaten Kan:ilc 8 gctrcnnt ab- 
gefuhn, uni den y\bstroiii selckiiv dcr Analvsccinheii 2 zu~ 
tuhrcn zu konnen. 

An dem AuslaB jedes Kanals 8 isi der liiniaB cines Mulli- 
5S ponveniils 24 angcschlosscn. Die MuIiiportvenlUe sind 
elcktrc^magnctisch betatigbar und werden von eincr Sieuer- 
cinheit 25 Liber Sicucrleitungcn 26 angesteueri. Dcr crsic 
Ausgang jcdes Muliipon vcntils 24 ist ubcr cine Gaslcitung 
27 mit cincr erstcn geincinsamcn ( iasabt uhrleiiung 28 vcr- 
O) bunden, die zu dcr Analvsccinheii 2 luhrt. wahrcnd der 
/weite Ausgang jcdes .VTuhipon vcntils 24 Liber cine zweite 
(jaslcitung 29 mil cincr zweitcn gcnieinsamcn (Jasabfuhr- 
leilung30 verbundcn ist, die eben tails zu dcr Analyseeinheil 
2. z. B. cin Masse nspektromctcr. rLilirt. 

Jc nach dcr Schaltsicllang der Multiporivcntilc konnen 
die bci der Rcakiion entstehenden Prtxiukie lur jcdcn Kata- 
lysator geircnni nacheinandcr der Analyscemhcit 2 zugc- 
liihrt werck'n t.xlcr es kann der Abstroni von zwei behebigen 
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K.iUi\s^lorjn jnaKsx-ri ucracn. Y)\c aus ^icn Miiliiporu lmv 
lilcn pcstchcrK-.c Vcniilanoranung k.inn 1:1 AhhaniiiLikjii von 
.Icr An/Lilii vicr /u icsicndcn Kjial> suiorcn beliebi^^ i:r\\c:icr. 

Ar^ioUe jinor Von;ilLinor.inun^^ /u:ii ^rcl^chal[cn r.cr cm- 
/clnon KduAc kunn auch unicrhalb dcr ALitnahniccmhcii 1 
cm Manipulauir mil cincr in \\/'Richiun^^ \crlahrbarcn 
I'jniabkapiliarc aniieoranot scin. dcr die Analy sccinhci; 
anijcsch.osscn isi. Die l:inlal5kapillaro kann dann mil aeni 
Manipuiaior naelicinaHLier in die Kanale einLicl aiiren v,er- 
aon. so dal.'. sieh der Anstron: jedcs Kaialysaiors gJtrenn: 
analvsiLTCn labl. Pnn/ipicll konncn abcr aueh jcticni Kana! 
em separates Analvscgcrai zuiieordnet wer.ier, so dd[> einc 
hoiiere parallolisierie Analyse nk^jlieii isi. 

Fij». ^ /.eigl eincn Schniit durch die Besdiiekunizseinhei: 
4 der ' Test ar.ordn Ling. 13ie Beseiiickungscinbeii 4 weist cmcn 
/ueiiciligen /ylindnschen N^elallkorper 31 auf. dcsser. 
Durehniesser dcni [nnendurchtncsser des I'lansehes 9 der 
Ajtnahineeinhoii I entspnchi, so dal.l die Besehiekungsein- 
heii 4 in die Aufnahriiecinheii 1 passcnd eingescl/.t wcrden 
kann. Der /.v lindnsche Meiailkorper 31 we st in Yonn einer 
4x4 Matrix angeordneie Kan ale 32 auf. Die Anordnang 
und uer Durchmcsscr der Kaniile 32 enisprichi den Ausneh- 
niungen 7 der Aulnahiiieetnheil 1, so dab dicse rluchten. 
wenn tlie Bcsehiek jngscinheii in die Aulnaliineeinheii ein- 
gesci/t isi. 

Zwisehen deni Obcr- und lJn[erieii 31a. 31b des /ylindri- 
sehen Metadkorpers ist ein Sehieber33 quer /iir Langsachsc 
der Kanale 32 vcrschiebbar gefuhrt. Der Schieber33 ;st cine 
Bieehplatte niit Bolirungcn 34. die ehcntalls in l-"onn einer 4 
X 4 Maln\ angeordnci sind. Die?-.o Bohrungen 34 lluchten 
mil den Kanalen 32 des zylindrisehen Metallkorpcrs 31. Die 
beideii Befcsiigutigselemcnie 35, die das Ober- u[id Unter- 
icil /.usumnienhalien. orsireeken sieh dureh scilliehe T-ang- 
loeher 36 des Schiebers 33 und begrcn/en dessen Schiebe- 
weg. Der Sehieber 33 kann /wischen zwei SlcUungcn ver- 
sehoben wcrden, in der die Kanalo 32 der Beschiekungscin- 
heil verschlossen i.xier tVeigegebcn sind. 

Der Sehieber 33 besiehi vor/uisweisc aus Metall lis isi 
aber audi nioglich. daB der Sehieber eine I ochplatle aus po- 
roscni Matet iai (l-iitic ) ist, die /.ui Idllratioii dicni, we m sieh 
der .Sehieber in einer Stellung bcfindei. in der die Bohrungen 
der Lochplatie nielit nut den Kanjien der Beschiekungsein- 
heii tluchten. 

Fig. 6 /.eigt einen Schnilt durch das PrcGwerkzcug 5 der 
Testanordnung. Das Testucrk/.eug weist in Fomi einer 4 x 4 
Matnx angeordneic PreBstenipel 37 auf. die mil Sehrauben 
38 an einer rundcn Platte 39 befestigt sind. Die PreBstenipel 
37 sind derart angeordnei und beniessen, ddG sie bei geofl- 
neteiii Sehieber 33 passend in die Kanale 32 der Bcsehik- 
kungseinheit 4 eingeschohcn werden konnen. 

¥i)l. 1 /.cigt einen Schniii dureh einc /erkleinerungsein- 
heit 40 in 1-onn eines Ciittcrs, da^ aus rechtwinklig in cinem 
Abstand von etwa 2 mm angeordneten Schnciden 41 be- 
sieht. Die /A-'rkleincrungscinheit 40 kann in die Cias/.ut iihr- 
kamiiier 19 der Autnahineeinheii 1 eingelegt werden. bcvor 
die Tiesehiekungseinheii 4 in die .Aufnahnieeinhcit eirge- 
setzt wird, uni die m der Besehiekungseinneii prapanerien 
l eststolTe bciin t Jbertuhren in die Autnahineeinheii /.u /.er- 
kleinem. Die /erkleincnungseinlieil kann aner aueh mil der 
Besehiekungseinheit einstuekig sein. 

Nachlolgend wird cine 'hteninono.vidoxidation an 
konibinatonseh hergesielltcn Kalalysatoren unler Verwen- 
dung derobigen destanordnung besehriebcn. 

I-Iir diese Tcstrcaktion wurden konibinatonseh hergL- 
stellte Kaialysaloren aus don Tragem Zeoliih V, Aluniini- 
umoxid. Titandioxid und /ireoniuiuoxid in Konibinaiion 
mil den polentiell kaiaiytiseh wirksanien Metallen Platin 



und PalLidiuni und deni ProiuoL^r C"er iU" die Tesireaktion 
der kalalMisehen O:M0.alu^n \on Kolii jn nionvntd /.u Koh- 
leno.K^xid erp;obi. TIii;rbei \\ urdcn .ii'j Ka:al\ s.iioren einem 
Re:iklionsg.<sgernsel. :ais riheiis^'luT T .al l iind SC' V Koh- 
^ lenr.iopox'.d ausgesci/t. l^ie lemperaiur der Reaktionsgasai- 
iiiosphare wurde seiiri;iw eise erw inm und dabei der Pro- 
duk:i!asstroiii in den ein/.elnen K.*nalen I'ur d.ie jew eilige Re- 
aklionsgasiemper:aur spekiroskopis.h .maiy s:ert. 

Die kaialNsaioren werden in deni Oherteil ■:'es /yiindri- 
l'.' sehen Korpers tier lie>ehiekung,seinliei! bci verschlosseneru 
Seh;eber sy nthetisiori. Danei wird in jedtrr d-.T \icr SpaJicn 
ein anderes '1 rageniiaierial deponiert. /. B. in Sprite 1 ein si- 
ll kauscher Trager. in Spalie 2 e;n A:UtKmiLimo\id, in Spalle 
.'1 ein Titandioxid und in Spalte 4 ein /ireoniuuioxid. Die ka- 
taly:isch akiive Substan-' wird danr /.. B. durch ein Tran- 
kimpragnurnngsvertahreii autgebraeht, /. B. in Zeile 1 em 
bestimniies Vbtunien emcr Plaiinsai/.losung, in /.eile 2 ein 
bestinmites Vbluiuen einer Pilladiunisal/.losung, in Zeile .1 
ein besiimmu's Volunen emer Piaiirsal/.- unol einor Palladi- 
:o unisalzlosung und in Zeile 4 ein besiinimies Volumen einer 
Platinsal/-, ciner Palladiumsal/- und einer ( en>al/.losung. 
Dureh eine izeeigneu- Ilochtemperalurbehandiung wird das 
Losangsmittel entteml wir i. AnsehlieBend erloigt eine 
Nachbehandlung. /. B. mil Wa'-:serslolY. Um uas Probenar- 
2i rav in die .Auinahiueeiiiheii uberruhren zu konnen, wird die 
Zerkleinea.ntseinheii in die Cias/.utuhrkanuuer der Be- 
se.iickungseinheit eingelegt un.d die Beschiekungseinheit 
wild in die .\uUiahmeeinheii eingesetzt. Bei geotVneteni 
Sehieber werden die l-estkorperkatalvsatorcn dann niiltels 
/!0 lies PrcBvcrk/.euges aus den Kanalen der Besehickungsein- 
heit durch die gittcrartig*- Plaite in die Ai'snehiiiungen der 
Authahnieeinheit gepreBt. V.'enn eine Z^^rklemerung der in 
der Beschickungseiiiheii praparierien Pest^totTe iiicht erfor- 
derl-'di isi. kann auf das p:iniegen der ZerMei: erangseinheit 
IS in die Aufnahnieeinlieii aueh verziehlei werden. Dann wer- 
den die Zx-rkleinerungs-.'inheil und die Beschiekungseinheit 
wicder aus der Aufoahmeeinheit genommen. AnsehlieBend 
wini die /. ufriahiiieeinheit mil deni Deckel dicht verschlos- 
sen und das Rcaklionsgas wird /ugefulirl. Nun wir der liber 
40 d:e ei.izelnen Kanale der .Aufnahnieeinheit von den Kataly- 
satoien abgefuhrie Produ't igassUoni in dc.- Analy.seeinheit 
sfx.*kfroskeplsch analysieri, wahrend die 'P.Muperalur der Rc- 
:ikti:>nsgasainjosphare schrittwtise chohi wild. 

_is Pa'vn'.arspruche 

1. Anordnung zuiu Testen der katalyiisch;;n Aklivital 
von e'neni Reaklionsgas ausgeseizten Feststotrcn tint 
einer l^inheit /.ur Aufnahnie der l es'stolTe und einer 
so Hinhcit zur Analyse der bei der Reakiion enistchenden 

Proclukte. dadu'-ch k^nn/rirhni't, daB die Aufnah- 
ineeinhMt (1) iiiehrere Ausnehnrjngen (7) zur Auf- 
nalinii' jeweils eines Peststoffes I'nd eine gemeinsanie 
Ciaszufuhr und den einzelnen .'\L-.>nehmungen zugeord- 
neie Kaniile (8) aufweist, so daB aile Peststoffe gleich- 
zeilig dem Reakiion sg as ausgesctzt und die bei der Re- 
aktion enistehenden Produkte iiber die Kanale getj-cnnt 
abgetuhrt und der .Analyseeinheit i2) z.ugcfuhrt wcrden 
konncn. 

(t) 2. Anordnung naeh Anspruch 1 , dadurch gekennzeich- 

net, daB die Ausnehmungen (7) zur Aufnahnie der 
!-estsioffe in Ponn einer Matnx angeordnei sind. wobei 
die Kanale (8) am Botlen der Ausnehmungen (7) ange- 
schlossen sind. so daB die in die Ausnehmungen einge- 
braehten Pcststotlc von dent Rcaktionsgas durchstronit 
werden konnen. 

3. Anordnung nach Ansprach 1 otier 2. dadurch ge- 
kenn/eichnet, daB die .Ausnehmungen (7) zvlindnsche 
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iioliriingen sintl. 

4. Anoi\inun£! nacti cinciii ilcr AnsprLichc 1 bis .i, da- 
durL'h Lickcnn/x'iL'hnet, daPi die .\nordniinLi cine an die 
Aiifnahiiiecinhcil (1) ansei/bare Bcschickunyseinhcii 

I, 4) /Lini iiiciehzciliiicn l-inhnnyen der l-'eslslolVc in die 
AutnahtiiccinliLMt uiiirai^l. 

.T. Anordnung nacli Ansprufh 4, da<Ujrcli gckenn/.cich- 
nci. djl,i die lieschickungscinlicjt (4) t;cn Ausnchiuun- 
gcn (7) dor Aufnalniieeinhcil (Ij /.ugeordneio Kaniile 
1 32) auTu'cist, in dcnen die Ix'stsloiYe syniheiisieri und lo 
JUS denen die I-csisiolle bei an die AuCnahniceinheit 
anycsci/.tcr Ik'schiekunjiseinhcii in die Ausnchniungcn 
dcr Aulnahniecinhcit Libcnuhri wcnien konnen. 
(). Anordnung nach Ansprueh .S. dadurch gckcnnzeieh- 
net. dais die Beschiekungseinheit (4) cinen SchicbeT l"^ 
I JJ) autweisi, der zwischun finer Siellung /.urn Synihc- 
iisicren der 1-esisiotTe und eincr die Kanale tVeitzobcn- 
dcn Stellung zuni IJbertuhron der 1-cstslotTc in die Aus- 
nehiuungen (7) der Autnalinieeinlieii (1) vcrschicbbar 
ist. 20 

7. Anordnung naeh Ansprueh 6, dadurch gekennzcich- 
nct. da(,^ dcr Schichcr (33) cine Lixrhplatte aus Mctull 
Oder poroscni Maierial isi. 

8. Anordnung nach eincni dcr Anspruche I bis 7. da- 
ilurcli gckennzciclinei, daB tite AuLnahfiieeinhuil (1) ei- 25 
ncn umlaufcndcn Ansatz(9). in dcni<lie Bcsciiickungs- 
einheii (4) cinsetzbar ist, und einen l^eekcl (10) aui- 
weist, der bei abgcnoinniencr Bcschickungscinhcit un- 
ler Bildung eincr gcnicinsanien Ciaszufuhrkaniiner ( 19} 
auf den uniiaut'enden Ansaiz (9) aufsclzbar ist, wobci 30 
der Deckel niit inindestens einer Bohrung (17) zuni Zu- 
fiihrcn dcs Reaktionsgases versehen ist. 

9 .^norehiung nacli ctnetn der Atisprijcbe 4 bii 8, eia- 
durch gekennzeichnef, daH die Anordnung ein ProB- 
werkzeug (5) niit den Kanalcn (32) dcr Bcschiekungs- 
cinheit (4) zugcordneten Prefisieiupcln (37) uinfaBt, die 
zum Auspressen dcr I'cslsiotVc in die, Kanale (32) der 
BcNchickungsciniiett cingctuhrt werdcn -konnen. 
11). Anordnung nach eincni der Anspruche 1 bi^ 9, da- 
durch gekennzeichnci. daB die Aulnahinceinheit cine 4o 
Heizeinrichlung (24) aufweist. 

II. Anordnung naeh einein der Anspruche 1 bis 10. 
d;idLirch gckennzcichnet. daB in den Ausnehriiungen 
(7) der Aufnahniceinheit (1) aus p<:»roscrii Material her- 
geslcllic Pliittchen (20) zur Aufnahiuc der in die Aus- 4.^ 
nchniungcn cinzubringcndcn FcststolYe vorgcsehen 
sind. 

12. Anordnung nach eincni der Anspriichc 4 bis 11, 
dadurch gekennzeichnci, daB die .Anordnung cine Zer- 
kleinenjng.scinheil (40) zum Zerkleincm der in der lie- v) 
schickungseinheit (4) prap-irierlen Fcstsiofte beini 
(Jbert'uhrcn in die Authahniceinheii {l \ auTweist. 
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A request for an examination [of the patent application] has been submitted in accorda;ice with § 
44 of the Law on Patents 

(54) Arrangemeat for testing the catalytic activity of solids that are exposed to n reaction 
gas 

(57) An arrangement for testing the catalytic activity of solids, which are exiosed to a 

reaction gas, comprises an accommodation unit (1), which has several recesses (7) for 
accommodating a solid in each case, and a communal supply of gas, and channels (8) tiiat are 
allotted to the individual recesses so that the soHds are all simultaneously exposed to tlie reaction 
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gas, and the products, which are formed during the reaction, can be run off separately \ia the 
channels and then they can be supplied to an analysis unit. The recesses for accommoc^g the 
solids are arranged in the form of a matrix, The test arrangement additionally comprises a 
dispensing unit with which the catalysis, which are prepared in a spatially separated manner 
using combinatorial methods, can be transferred in a simple manner to the recesses of the 
accommodation unit 
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Specification 

The invention pertains to an arrangement for testing the catalytic activity of solids, which 
are exposed to a reaction gas, with a unit for accommodating the solids, and a unit for malyzing 
the products that are formed during the reaction. 

In order to prepare and characterize catalysts, the potentially active carrier con^3onents 
and catalyst components are combined in a supposedly suitable manner, and die multi- 
component mixtures, which are created in this way, are tested via a suitable test reacticn under 
defined conditions that are usually fixed as a result of technical limitations. Whereas tlie 
synthesis of such materials can often be handled with manageable expense, trial runs i^ith the 
catal5ffsts, by contrast, represent a very time consuming and labor-irtensive step. In ger eral, the 
material that is to be tested is introduced into a laboratory reactpr, which has been desij jned 
specifically for this purpose, and then, using prescribed parameters, it is tested in terms of its 
suitability for the reaction of the educt gas mixture in question. 

EP 0 423 294 BI describes a device, which has one single tubular reactor, for 
investigating and evaluating fluid bed catalysts for cracking purposes. This known device serves 
for cairying out a series of on-going cyclic experiments while varying the experimental 
conditions, 

The simultaneous testing of catalysts in several separate reactors is also known, whereby 
these reactors are supplied from a communal gas preparation unit Supplying the catalysts with 
the materials, which are to be tested, is also a time consuming and labor intensive proctsdure 
when testing catalysts in parallel reactors. The fact that there is a limit, in practice, to tiie number 
of reactors that are available for operation in parallel is also a disadvantage. 

A decisive iimovation in bio-organic syntheses over the last few years has been the 
development of combinatorial synthetic procedures (Furka, A., Sebastian, E., Asgedom, M., 
Dibd, G., Abstr. 14th Int. Congr. Biochem., Prague 1988, Vol 5. 47). In the case of suf;h 
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syntheses, one usually works with only very small quantities of substances, and use is C'ften made 
of polymeric carriers for fixing one of the reactants and the products that are formed. Thus, 
today, combinatorial synthesis represents one of the standard tools in bio-organic chemistry. The 
efficient testing of a library of substances that has been prepared by such synthetic processes has 
currently been speeded up most of all in so-called "high throughput screening" for testiig 
potential pharmaceutical agents. Current test methods are based on the addition, from he data 
bank of substances, of the substance in question to an enzyme or cell cultures that indicate, via 
luminescence, the presence of an interaction between the substance and a defined activit site in 
the enzyme or in the metabolism of the cell. The substances from the libraries are brought into 
contact with the test system in question in the form of so-called "an-ays". with plates with 
depressions, which are to be understood to serve as reaction vessels, under the arrays; after this, 
suitable additional treatment of the sample often takes place as weU (irradiation, incubation, etc.), 
and the concluding evaluation test then follows on from b^e. 

The first attempts to transfer combinatorial synthesis procedures and test procedures to 
inorganic soUds were published by Schultz et al. in 1995 pCiang, X.-D., Sun, X., Briceiio, G., 
Lou, Y., Wang. K.-A., Chang, H., Wallace-Freedman, W.-G., Chen, S.-W., Schultz, P.O., 
Science 268, 1995, 1738; and Briceno, G., Chang, H., Sun, X., Schultz, P.G., Xiang, X.-D., 
Science 270, 1995, 273 as well as Sun, X.-D., Wang, K.-A., Yoo, Y., Wallace-Freedman, W.G., 
Gao, C. Xiang, X.-D., Schultz, P.G., Adv. Mater. 9, No. 13, 1997, 1046, and Wei. T., Wallace- 
Freedman, W.G., Schultz, R.Q., Xiang, X.-D., Appl. Phys. Lett, 68, 1996, 3506). In this case, 
use is also made of a coating procedure for the preparation of the compound, whereby t iis 
procedure permits various combinations to be prepared on one substrate by means of masking 
techniques. 

The decisive disadvantage of the method that was described by Schultz et al. resides, first 
of all, in the feature that, as a result of the coating procedure, only a very small proporti on of the 
chemically possible combination[s] is prepared that can be obtained with the wet chemical 
procedures that are conventional for catalyst preparation. Thus the library of possible 
catalytically active candidates is considerably reduced in size. A procedure for testing tae 
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catalytic activity of the materials was not described, 

A study by Luss et al. has been published in the field pertaining to the siraultanijous 
testing of catalysts (Moates, F.C., Somaui. M., Annamalai, J., Richardson. IT., Luss. EL, 
Willson. R.C., fad. Eng. Chem. Res., 35, 1996, 4801) in the case of which catalyst pelkts were 
tested by means of infirared thennography. However, this method is limited to reactions with a 
large evolution of heal Selectivity differences were not determined. 

The problem that forms the basis of the invention is to create ad arrangement with which 
the catalytic activity of solids, which are exposed t6 a reaction gas, can b^ tested effecti vely 
without high costs in terms of time and labor. 

In accordance with the invention, the solution to this problem takes place via tii5 
characterizing features of Patent Claim 1. 

The arrangement in accordance with the invention permits the simultaneous tesling, and 
also the sequential testing, of a large number of solid catalysts that are exposed to a reaj^tioa gas, 
whereby the conditions such as pressure, temperature, etc. can be varied freely, 

The arrangement comprises an accommodation unit diat has several recesses fo]' 
acconamodating a solid in each case whose catalytic activity is to be tested. The solids in the 
accommodation unit are dl exposed simultaneously to the reaction gas via a communal gas 
supply. The stream of gas is run off into tbe^hannels that are allotted to the individual recesses 
so that the products, which are formed via each catalyst, can be analyzed separately for eacli solid 
using the analysis unit. This analysis can take place, for example, by means of known 
spectroscopic, spectrometric or chromatographic procedures. Only one of the channels can, in 
each case, be freely connected to the analysis unit during the test phase, whereas the ga5 that is 
run off via .the other channels is not analyzed. However, the accommodation unit also jeitnits 
the analysis of a gas stream that is run 6ff via several channels. As many channels as is desired 
can also be closed so that the reaction gas does not flow through them. 
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In a preferred form of embodiment of the accommodation unit, the recesses are ananged 
in the form of a matrix. This arrangement in the form of a matrix permits not only the testing of 
a large number of catalysts in a confined space but, rather, it also facilitates the introduction of 
the solids, which are to be tested, into the recesses by means of a dispensing unit, in which the 
catalysts are synthesized, and then they are transferred to the recesses of the accommodation unit. 
However, it is also possible to synthesize the catalysts directly in the accommodation tnlL 

The channels for running off the stream of gas are preferably located on the bottom of the 
recesses so that the reaction gas flows through the catalysts. 

The dispensing unit for simultaneously introducing the substances into the 
accommodation unit has channels that are allotted to the individual recesses, whereby tJie 
catalysts can be prepared in a spatially separated manner in these channels by means of 
combinatorial methods. A sliding valve is advantageously provided in order to be able to close 
off the channels of the dispensing unit for synthesizing the solids, whereby this sliding valve 
closes off or, altemately, opens up all the channels. 

The channels of the dispensing unit are arranged in a corresponding manner to die 
recesses of the accommodation unit. The dispensing unit is attached to the acconmiodgtion unit 
in order to transfer the solids, whereby the chaimels of the dispensing unit are then aligned with 
the recesses of the accommodation unit. 

In order to press the solids out of the recesses, the airangement in accordance with the 
invention advantageously comprises a pressing tool that has pressurs rams that are alloted to the 
channels of the dispensing unit. 

For adjustment purposes, the accommodation unit has a rotating attachment into which 
the dispensing unit can be inserted in a well fitting maimer. When the dispensing unit bas been 
taken off, a lid is placed on the rotating attachment of the accommodation unit so that a 
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communal gas supply chamber is created for the recesses in the accommodation unit. The 
reaction gas can then be supplied to the communal gas supply chamber through a borec out hole 
in the lid. 

In a further prefened form of embodiment, the accommodation unit has a heating device 
in order to pennit adjustment to the desired reaction temperature. 

The solid catalysts that are to be tested are preferably positioned on small plates that 
comprise a porous material, whereby these small plates are arranged in the recesses of the 
accommodation unit and transversely to the flow direction of the reaction gas. 

An example of an embodiment of the arrangement in accordance with the invention for 
testing the catalytic activity of solids, which are exposed to a reaction gas, will be elucilated in 
more detail in the following section with reference being made to the drawings. 

The following aspects are shown. 

Fig. 1 shows, in the form of a sectional illustration, the acconmiodation unit of jhe 
arrangement for testing the catalytic activity of solids that are exposed to a reaction gas 

Fig, 2 shows a section through the accommodation unit along the hne Il-n of Fi;j. 1; 

Fig. 3 shows the accommodation unit of Fig, 1 in the fonn of a plan view; 

Fig. 4 shows tiie gas flow diagram for the test arrangement; 

Fig. 5 shows tiie dispensing unit for the test arrangement in tJie form of a sectior ^al 
illustration; 

Fig. 6 shows a section through the dispensing unit along the line VI- VI of Fig. 5 ; 
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Fig. 7 shows the sliding valve of the dispensiDg unit of Fig. 5 in the form of a plan view 

Fig. 8 shows the pressing tool of the test arrangement in the form of a sectional 
illustration; and 

Fig. 9 shows the size reduction unit of the test arrangement in the form of a sec'ional 
illustration. 

The anangement for testing the catalytic activity of solids comprises an accomiiodation 
unit 1 (Figs. I through 3) in which die solid catalysts are exposed to a reaction gas, an ^Ilalysis 
unit 2 together with a valve arrangement 3 (Fig. 4) with which the products, which are formed 
during the reaction, are analyzed, and a dispensing unit 4 with a pressing tool 5, wherehy the 
catalysts are prepared in a spatially separated manner in the dispensing unit using combinatorial 
methods (Figs. 5 through 8). 

Fig. 1 shows a section through the accommodation unit 1 of the test arrangemer t. The 
accommodation unit 1 has a cyHndrical element 6 comprising a thermally conductive n'.aterial, 
preferably brass, that is provided at iU top with cylindrical bored holes 7 that are arranged in the 
form of a n X m matrix with four rows and four colunms (Fig. 2). A 4 x 4 matrix is ind.cated 
merely by way of example; anangements with a significantly larger number of recesses are also 
possible, 

A channel 8 is connected to the bottom of each recess 7, whereby this channel hiads out 
of the accommodation unit 1 at the bottom of the brass element 6. The channels 8 run i)araUel to 
one another in the vertical direction. They have a smaller diameter than the recesses. This 
ensures simUar flow rates through all the recesses since the channels represent the main 
resistances to flow in each case. The individual channels can also be narrowed in a controlled 
manner in order to permit adjustment to exactly the same flow rates in all the recesses. In order 
to do this, appropriate throttling devices or similar arrangements can be provided in the 
accommodation unit 
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A flange 9 for securing a lid 10 that comprises a thennally conductive material, preferably 
brass, is attached to the top of the brass element 6. The flange 9 and the lid 10 have several 
bored out holes 1 1, which are arranged in a peripherally distributed manner, so that the lid can be 
screwed firmly to the brass element (Fig. 3). An annular seal 12 is provided in order tq seal off 
the lid 10 relative to the flange 9, whereby this annular seal is positioned in an aimular »roove of 
the flange 9. 

The brass element 6 and the lid 10 have bored out holes for accommodating the heating 
cartridges 15 of a heating device in order to be able to heat the accommodation unit 1 1* ) the 
reaction temperature. 

The catalysts that are to be investigated are each positioned on a small plate 16 
comprising a porous inert composition (frit) that is arranged at the bottom of each reces s and 
transversely to its longitudinal axis. 

In order to test the catalysts simultaneously, the lid 10 is screwed onto the flangs 9 of the 
brass element 6, and the reaction gas is admitted to the gas supply chamber 19, which iv, located 
abov^ the recesses 7, via bored out holes 17, 18 that are provided in the lid. The reacticin gas 
flows through the catalysts 20, which are positioned on the frits 16, and then it is run off via the 
channels 8. 

Fig. 4 shows the gas flow diagram for.the test arrangement The reaction gas flctws out of 
a gas container 21 via a gas supply line 22 (in which a metering device 23 is serially arranged), 
and into the recesses 7 of the accommodation unit 1 that is heated to the reaction temperature by 
the thennostatic unit 24.S0 that the reaction gas flows through the catalysts. 

In order to be able iead the exiting gas flow selectively to the analysis unit 2, th€ products 
that are fonned during the reaction are run off separately from each catalyst via the sepgrate 
channels 8. 
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The inlet of a multi-port valve 24 is connected to the outlet of each channel 8. The multi- 
port valves are capable of being actuated electromagaetically, and aie triggered by a co;itrcl unit 
25 via control lines 26. The first outlet of each multi-port valve 24 is connected to a fiist 
conununal gas run-off line 28 via a gas line 27, whereby this gas run-off line leads to tt e analysis 
unit 2. whereas the second outlet of each multi-port valve 24 is connected to a second communal 
gas nm-off line 30 via a second gas line 29, whereby this communal gas run-off line oho leads to 
the analysis unit 2, e.g. a mass spectrometer. 

Depending on the position to which the multi-port valves are switched, the products that 
are fonned by each catalyst during the reaction can be supplied separately and sequenti;dly to the 
analysis unit 2, or the exiting flow of gas from any two desired catalysts can be analyze t The 
valve arrangement, which comprises the multi-port valves^ can be expanded at will depending on 
the number of catalysts that are to be tested. 

Instead of a valve arrangement for clearing the individual channels, a manipulator with an 
inlet capillary, which is capable of being driven in the xyz direction, can also be arraogf )d below 
the accommodation unit I, whereby the analysis unit is connected to this inlet capillary. The 
inlet capillary can then be driven sequentially into the channels by means of the mampulator, so 
that the exiting gas flow from each catalyst can be analyzed separately. In principle, however, a 
separate analysis apparatus can also be allotted to each channel, so that analysis with greater 
parallelism becomes possible. 

Fig. 5 shows a section through the dispensing unit 4 of the test arrangement. The 
dispensing unit 4 has a two-part cylindrical metal element 31 whose diameter correspotds to the 
internal diameter of the flange 9 of the accommodation unit 1 so that the dispensing uni: 4 can be 
inserted, in a well fitting manner, into die acconunodation unit 1. The cylindrical metal element 
3 1 has channels 32 that are arranged in the form of a 4 x 4 matrix;. The arrangement and the 
diameter of the channels 32 correspond to the recesses 7 of the accommodation unit 1 , so that 
these are aligned when the dispensing unit is inserted into the accommodarion unit 
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A sliding valve 33 is led - in a manner that pennits its displacement - between ttie upper 
and lower parts 31a, 31b of the cylindrical metal element, and transversely to the longitudinal 
axis of the channels 32. The sliding valve 33 is a sheet metal plate with bored out holes 34 that 
are also arranged in the form of a 4 x 4 matrix. These bored out holes 34 are aligned with the 
channels 32 of the cylindrical metal element 31. The two securing elements 35, which hold the 
upper and lower parts logedier, extend through lateral slots 36 in the sliding valve 33, and restrict 
its sliding path. The sliding valve 33 can be displaced between two positions in which the 
channels 32 of the dispensing unit are either sealed off or they are opened up. 

Th& sliding valve 33 preferably consists of metal. However, it is also possible for the 
sliding valve to be a perforated plate comprising a porous material (frit) thai serves for filtration 
when the sliding valve is located in a position in which the bored out holes of the perforated plate 
are not aligned with the channels of the dispensing unit. 

Fig. 6 shows a section through the pressing tool 5 of the test arrangement. The lest tool 
has pressure rams 37 that are arranged in the form of a 4 x 4 matrix, whereby these prej sure rams 
are attached via the screws 38 to a round plate 39. The pressure rams 37 are arranged gftd 
designed to have dimensions such that they caii be inserted, in a well fitting manner, inio the 
channels 32 of the dispensing unit 4 when the sliding valve 33 is in the open position. 

Fig. 7 shows a section through a size reduction unit 40 in the form of a grid that consists 
of cutting edges 41 that are arranged at right angles at a separation of approximately 2 run. Prior 
to inserting the dispensing unit 4 into the aiccGmmodation unit, the size reduction unit 43 can be 
placed in the gas supply chamber 19 of the accommodation unit 1 in order to reduce the size of 
the solids, which arc prepared in the dispensin^fe unit, in order to permit their transfer to the " 
acconamodation unit. However, the size reduction unit can also be manufactured in the form of a 
single integral component along with the dispensing unit. 

A description is given in the following section of the oxidation of carbon monoj jde on 
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combinatorially prepared catalysts with use being made of the above test arrangement- 

Combinatorially prepared catalysts on the carriers zeolite Y, aluminum oxide, ttanium 
dioxide and zirconium oxide in combination with the potentially catalytically active meitals 
platinum and palladium and the promoter cerium were examined for this test reaction ttiat 
involves the catalytic oxidation of carbon monoxide to carbon dioxide. In this case, thfj catalysts 
were exposed to a reaction gas mixture comprising synthetic air and 80% carbon mono dde. The 
temperature of the reaction gas atmosphere was increased in steps, and the product gas stream in 
the individual channels was spectroscopically analyzed for the reaction gas temperature in 
question. 

The catalysts are synthesized in the upper part of the cylindrical element of the dispensing 
unit in the situation in which the sliding valve is closed. In this case, a different carrier material 
is deposited in each of the four columns, e.g. a silicate carrier in column 1; aluminum oxide in 
column 2; titanium dioxide in colunm 3; and zirconium oxide in column 4. The catalyiically 
active substance is then applied by means of e.g. a fluid impregnation process, e.g. a defined 
volume of a platinum salt solution in row 1; a defined volume of a palladium salt solution in row 
2; a defined voliune of a platinum salt solution and a palladium salt solution in row 3; £pd a 
defined volume of a platinum salt solution and a palladium salt solution and a cerium s ilt 
solution in row 4. The solvent is removed by means of a suitable high temperature treament. 
An after-treatment, e,g. with hydrogen, then takes place. In order to be able to transfer iie 
sample airay to the acconunodation unit, the size reduction unit is placed in the gas supply 
chamber of the dispensing unit, and the dispensing unit is inserted into the accommodation unit. 
With the sliding valve in the open position, the soHd catalysts are then pressed out of tbs 
channels of the dispensing unit by means of the pressing tool, and hence through the grid-like 
plate and then into the recesses of the accommodation unit When size reduction of the solids, 
which have been prepared in the dispensing unit, is not required, placing the size reduction unit 
in the acconomodation unit can also be omitted. The size reduction unit and the dispensing unit 
are then taken out of the accommodation imit. The accommodation unit is then tightly iiealed 
with the lid, and the reaction gas is supplied. The product gas stream, which is run off Jrom the 
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catalysts via the individual channels of the accommodation unit, is bow analyzed 
spectroscopically in the analysis unit while the temperature of the njaction gas atmosphere is 
increased step-wise. 

Patent claims 

1 . Arrangement for testing the catalytic activity of solids, which are exposed to a r 5action 
gas, with a unit for accommgdating the solids and a unit for analyzing the products that are 
formed during the reaction^ characterized by the feature that the accommodation unit (1) has 
several recesses (7) for accommodating a solid in each case, and a communal supply of gas, and 
channels (8) that are allotted to the individual recesses so that the solids are all simultaiieously 
exposed to the reaction gas, and the products, which are formed during the reaction, can be run 
off separately via the channels and then they can be supplied to the analysis unit (2), 

2. Arrangement in accordance with Claim 1, characterized by the feature that the rjcesses 
(7) for accommodating the solids are arranged in the form of a matrix, whereby the cha inels (8) 
are connected to the bottom of the recesses (7) so that the reaction gas can flow through the ' 
solids that have been introduced into thd recesses. ^ 

3. Arrangement in accordance with Claim 1 or 2, characterized by the feature diat the 
recesses (7) are cylindrical bored out holes. - 

4. Arrangement in accordance with one of the Claims 1 through 3, characterized by the 
feature that the arrangement comprises a dispensing unit (4) that is capable of being attached to 
the accommodation unit (1) for simultaneously introducing the solids into the accommcdation 
unit. ^ 

5. Arrangement in accordance with Qaim 4, characterized by the feamre that the d ispensing 
unit (4) has channels (32) that are allotted to the recesses (7) of the accommodation unit (1), 
whereby these solids are synthesized in these charmels, and whereby the solids can be transferred 
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to the recesses of the accommodation unit when the dispensing unit is attached to the 
accommodation unit. 

6. Arrangement in accordance with Claim 5, characterized by the feature that the dispensing 
unit (4) has a sliding valve (33) that is capable of being displaced between a position fcr 
synthesizing the solids, and a position that opens up the channels in order to transfer th j solids to 
the recesses (7) of the accommodation unit (1). 

7. Arrangement in accordance with Claim 6, characterized by the feature thai the sliding 
valve (33) is a perforated plate comprising metal or a porous material. 

8 . Arrangement in accordance with one of the Claims 1 through 7, characterized b / the 
feature that the accommodation unit (1) has a rotating attachment (9) into which the dispensing 
unit (4) is capable of being inserted, and a Kd (10), which is capable of being positioned on the 
rotating attachment (9) to form a communal gas supply chamber when the dispensing uait has 
been taken off, whereby the lid is provided with at least one bored out hole (17) for supplying the 
reaction gas. 

9. Arrangement in accordance with one of the Claims 4 through 8, characterized by the 
feature that the arrangement comprises a pressing tool (5) with pressure rams (37) that iire 
allotted to the channels (32) of the dispensing unit (4), whereby these pressure rams can be 
introduced into the channels (32) of the dispensing unit in order to press out the solids. 

10. Arrangement in accordance with one of the Claims 1 dmsugh 9, characterized bv the 
feature that the accommodation unit has a heating device (24). 

1 1. Arrangement in accordance with one of the Claims 1 through 10, characterized l)y the 
feature that small plates (20), which arc made from a porous material, are provided in tl e 
recesses (7) of the accommodation unit (1), whereby these small plates are provided for the 
accommodation of the solids that arc to be introduced into the recesses. 
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12. Airangement in accordance with one of the Gaims 4 through 1 1, characterized by the 
feature that the arrangement has a size reduction unit (40) for reducing the particle size of the 
solids that are prepared in the dispensing unit (4) in order to permit their transfer to the 
accommodation unit (1). 



3 page(s) of drawings attached hereto 
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